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(54) ANGULAR VELOCITY SENSOR 

(57)Abstract: , 
PROBLEM TO BE SOLVED: To provide an angular velocity 
sensor for detecting accurately the rotational angular velocity 
around a Y-axis on an X-Y 2-dimensionaI plane. 
SOLUTION: A planar vibration body 3 is constituted of a 
combined body, wherein a weight vibration body 5 is connected 
inside a rectangular frame body 6via a connection beam 4, 
supported with a supporting beam 8 which is oscillatable in an 
X-direction. Mobile electrodes 1 1 A and 1 IB are protruded at an 
outside end part of the frame body 6, while fixed electrodes 13A 
and 13B are provided on the facing side. The weight vibration 
body 5 is a vertical movement side electrode, with a lower'part 
electrode 16 provided on the facing. Related to the connection 
beam 4, the rigidity in a Z-axis direction of the direction for 
detecting vibrating direction of the weight vibration body 5 is 
made smaller than that in the X-direction of the direction for 

detecting the vibration direction of the plane vibration body 3, while, relating to the supportmg 
beam 8, the rigidity in the X-direction is made smaUer than that in the Z-direction. The planar 
vibration body 3 is oscillated in the X-direction to cause CorioUs force in the Z-du:ection by 
rotation around a Y-axis, when only the weight vibration body 5 of the planar vibration body 3 is 
oscillated in the Z-direction for detecting an angular velocity about the Y-axis. 
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DETAILED DESCRIPTION, 
[Detailed Description of the Invention] 

[Shnical field to which invention belongs] this invention relates to the angular-velocity 
sensor which detects angular velocity. 

rSption of the Prior Art] The angular-velocity sensor using flie minute vibrator by nucro- 
inSSST/develook and the angSar-velocity sensor which these people proposed to JP 8- 
?S^?A il7^S^hS£6 . ^shown in L drawing, the angular-velocity sensor 1 has ^e 
flaJ t^rfece otSSfe^the weight oscillating object 5 is connected through the connection 
b^f ^idelSe 6,ld the flat-surface oscillating object 3 is formed with the jomt object of 
a ft^tr^^d i^igh oscillating object 5. Also having a function as apeipendicular shp lateral 
d^de b" id^s r^iit osciuLg object 5 functioning as an oscillating ol^^ct. die ^oup of 
SwSht oscillating object 5 and the lower electrode 16 functions also as a orcuinference 
SXv^locTty electrode of a Y-axis which detects the vibraton amphmde of Z shaft 

S?at to of aie weight oscillating object 5 corresponding to angular-velocity <=J^^f °° 
S ci^umference of a Y-axis by detecting change of tiie electrostatic cap^betweentiie 

iH-tt'tilS?ngueconfi.^^^^ 

X of X and 2 Y-dimensional flat surface and the direction of Y is supported possible The mobUe 
d^trodeslOA lOB 1 1 A, and IIB of a ctenidimn electrode are formed in the heel of a frame 6. 
Sfe^ eectdel 12^12B, 13A, and 13B ^e formed in the fixed -^f^.f ^^^-^h 
mobile electrodes lOA, lOB. 1 lA, and 1 IB and the interval. The group '^^^^f^l'L^^ 
and IIB and fixed electrodes 13Aand 13B is constituted as an excitation electrode which vibrates 
tiie flat-surface osciHating object 3 in the direction of X by electrostatic force. _ 
[0004] The perpendicular sUp lateral electrode which is not illustrated is pr^arwi m the 
aforeriention Jweightoscillatingobject 5, and the lower electrode 16 ^^^f ^^^J^^^^^^^^^^^ 
is formed in the opposite side through this perpendicular slip lateral electrode and 
[0005] In the angular-velocity sensor of this proposal, it is adjusted so that the resonance frequency 
of vibration of die direction of X in the flat-surface oscillating object 3 and the resonance 
frequency of Z shaft orientations (Z direction) in the weight oscillatmg object 5 maybe mojym 
agreement, and the weight osciUating object 5 and a frame 6 have the resonance frequency from 
which the resonance frequency of vibration of a Z direction differs mutually by this a5"ttment 
r0006] Inthis sensor, by mobile electrodes UAand IIB and fixed electrodes 13A aid 13B, where 
tiie flat-surface oscillating object 3 is vibrated in the direction of X by electrostatic force, an 
operation of rotation of the circumference of a Y-axis generates flie Conohs Jfce shown in tiie 
following formula (1) at the Z direction which intersects perpendicularly vath botii the oscillatmg 
direction (the direction of X), and the direction of the axis of rotation (the direction of Y). 
[0007] 

Fc=2 and m-V-omega (1) • v r 

[0008] In addition, in a formula (1), it is the angular velocity (degree/s) on which Conohs torce 
and m act on in Fc. and the speed at the time of the drive of vibrator (m/s) and omega act m the 
mass (kg) of vibrator, and V. j v 

[0009] If it does so, it will set 5n the angular-velocity sensor 1 of a proposal. As mentioned above, 
it is adjusted so that the resonance frequency of vibration of the durection of X m the flat-surtace 
osciUating object 3 and the resonance frequency of vibration of flie Z direction m tiie weight 
oscillating object 5 may be mostiy in agreement. From having the resonance frequency from which 
tiie resonance frequency of vibration of a Z direction differs mutuaUy. tiie weight oscillating object 
5 and a frame 6 Only tiie weight oscillating object 5 of tiie flat-surface oscillatmg object 3 vibratK! 
to aZ direction greatly, and the size of the angular rate of rotation of the circumference of a Y-axis 
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etc is detected by the aforementioned Coriolis force based on change of the electrostatic capacity 
between the base electrode of the weight oscillating object 5, and the lower electrode 1 8. 
[00101 Moreover, since, as for a frame 6 and mobile electrodes llA and IIB, the resonance 
frequency of vibration of the Z direction of a frame 6 and the weight oscillating object 5 differed at 
this time and it hardly vibrated to a Z direction, mobile electrodes 1 1 A and 1 IB did not shift to 
fixed electrodes 13A and 133, and the flat-surface osciUating object 3 was presupposed that 
excitation vibration can be perfoimed in the size of the always stabiUzed vibration amphtude. 

[Problem(s) to be Solved by the Invention] However, by makmg resonance frequency of vibration 
of the Z direction of the weight oscillating object 5 and a frame 6 into mutually different resonance 
frequency like the above Although it is theoretically possible to vibrate a Z direction greatly and to 
make it a frame 6 not ahnost vibrate only the weight oscillating object 5 to a Z direction by the 
Coriolis force of a Z direction The flat-surface oscillating object 3 is what is siq)ported by the KO 
typeface-like supporting beam 8 and is attached in the fixed substrate 21 . the weight oscillating 
object 5 Since it is that by which height and width of face are prq)ared in the firame 6 through the 
connection beam 4 of the ahnost same thickness, if the weight oscillating object 5 vibrates to a Z 
direction, a fi^e 6 will also vibrate somewhat to a Z direction in fact. And these people have 
noticed trouble appearing in the function not to restrict that excitation vibration of the vibration 
amplitude always stabilized as mentioned aboiterby theflat-surface oscillating object 3 can be 
perfonned since mobile electrodes 1 1 A and 1 IB also vibrate to a Z direction, but to detect the size 
of the angular rate of rotation of the circumference of a Y-axis with high degree of accuracy by 
vibration of the Z direction of a frame 6, somewhat. 

[0012] It is made in order that this invention may solve the.above-mentioned technical problem, 
and the purpose vibrates an oscillating object in the direction of X, and it suppresses that the whole 
oscillating object vibrates to a Z direction by the Coriolis force produced by rotation of the 
circumference of a Y-axis, and is in offering the angular-velocity sensor which can detect very 
correctly the angular rate of rotation of the circumference of a Y-axis. 
[0013J 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
has the following composition and makes it the The means for solving a technical problem. 
Namely, a weight oscillating object is comiected through a connection beam inside a firame, and, as 
for the 1st invention, a flat-surface oscillating object is formed with the joint object of a frame and 
a weight oscillating object. As for this flat-sur&ce oscillating object, Wbration of the direction of 
X of X and 2 Y-dimensional flat surface is supported by the fixed substrate possible through the 
supporting beam. A mobile electrode is prepared in the heel of the aforementioned frame, and a 
fixed electrode is prepared in a fixed substrate side through this mobile electrode and an interval. 
Moreover, a fixed counterelectrode is prepared in the opposite side which minded this 
perpendicular slip lateral electrode and the interval while the perpendicular slip lateral electrode 
was prepared in tibie aforementioned weight oscillating object. The group of the aforementioned 
mobile electrode and a fixed electrode is constituted as an excitation electrode. which vibrates a 
flat-surface oscillating object in the direction of X by electrostatic force. The group of the 
aforementioned perpendicular slip lateral electrode and a fixed counterelectrode is constituted as a 
circumference angular-velocity detection electrode of a Y-axis which detects the above X of the 
weight oscillating object corresponding to angular-velocity change of rotation of the circumference 
of a Y-axis, and the vibration amplitude of Z shaft orientations perpendicular to Y fiat surface. The. 
aforementioned connection beam is formed smaller than the rigidity of the direction of X whose 
rigidity of Z shaft orientations used as the detection oscillating direction of the aforementioned 
weight oscillating object is the oscillating direction of a flat-surface oscillating object. The rigidity 
of the direction of X which is the oscillating direction of the aforementioned flat-surface 
oscillating object makes the aforementioned supporting beam the The means for solving a 
tedmical problem with the composition currently formed smaller than the rigidity of Z shaft 
orientations used as the detection oscillatmg direction of the aforementioned weight oscillating 
object 
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[00141 Moreover, in the 2nd invention, in addition to the composition of invention of the above 
1st the weight oscillating object is presenting the square configuration. The conn^tion beam is 
presenting the L character configuration and the nose-of-cam side of the shorter side of the L 
character configuration of a connection beam is connected to the four-comers section of a weight 
osciUating object, respectively. The long side of the L character configuration of each connectLon 
beam is made into the The means for solvmg a technical problem with the composition in which it 
**** towards the comer of the opposite side of the comer where the side of a weight osciUatmg 
object is made to meet through an interval m, and the nose^f-cam side of the shorter side of the 
aforementioned L character configuration is connected, and the **** nose-of-cam side is 

connected to the frame side. , ^ j • 

[0015] Furthemiore, in addition to the composition of invention of the above 1st, the.Srd mv.ention 
makes the connection beam the The means for solving a technical problem with the composition 
prepared in the direction of Y which intersects perpendicularly with the direction of X used as the 
oscillating direction of a flat-surface oscillating object. ^ ^ ^ 

[0016] In addition to the above 1st or any one composition of the 3rd invention, 4th mvention is 
taken as the composition which prepared the electrostatic-^force impression electrode for 
impressing electrostatic force to a fixed substrate side through a weight osciUating object and an 
interval at'a weight oscillating object. By impressing direct current voltage to an electrostatic-force 
impression electrode, and impressing electrostatic force to a weight oscillating object, resonance 
frequency can be adjusted to the Z direction of a weight oscillating object, and angular velocity can 
be detected now with high density by tuning resonance frequency finely. 
[0017] In this invention of the above-mentioned composition, a weight oscillating object is 
connected through a connection beam inside a frame, and a flat-surface oscillating object is formed 
with the joint object of a frame and a weight osciUatmg object The aforementioned connection 
beam is formed smaller than the rigidity of the direction of X whose rigidity of Z shaft orientations 
used as the detection oscillating direction of the aforementioned weight oscillating object is the 
osciUatmg direction of a flat-surface oscillatmg object. Since the aforementioned supporting beam 
is formed smaller than the rigidity of Z shaft orientations from which the rigidity of the direction 
of X which is the oscillating direction of the aforementioned flat-surface oscillating object serves 
as the detection oscillating direction of the aforementioned weight oscillating object A flat-surface 
oscillating object tends to vibrate in the direction of X which is the oscillating direction, it is hard 
to vibrate to the Z direction used as the detection oscillating direction of a weight oscillating 
object, on Che other hand, a wei^t oscillating object cannot vibrate easily in the direction of X 
which is the oscillating direction of a flat-surface oscillating object, and it is easy to vibrate to the 
Z direction which becomes with the detection direction of a weight oscillating object. 
[0018] Therefore, when a flat-surface oscillating object vibrates in the direction of X and the 
Coriolis force of a Z direction arises by rotation of the circumference of a Y-axis, only a weight 
oscillating object vibrates greatly to a Z direction, the frame of a flat-surface oscillating object 
hardly vibrates to a Z direction, but vibration of a flat-surface oscillating object by the stable 
vibration amplitude is attained, the angular rate of rotation of the circumference of a Y-axis is 
detected with a sufficient precision by this Coriolis force, and the above-mentioned technical 
problem is solved. 
[0019] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of fliis invention is explained 
based on a drawing. In addition, in explanation of this example of an operation gestalt, the same 
sign is given to the same name portion as the angular-velocity sensor shown in drawing 6 , and the 
duplication explanation is omitted. The vibrator composition of the example of 1 operation gestalt 
of the angular-velocity sensor concerning this mvention is shown to drawing 1 by the perspective 
diagram. The angular-velocity s^sor 1 of this example of an operation gestalt has flie flat-surface 
oscillatmg object 3, mobile electrodes 1 lA and 1 IB, fixed electrodes 13A and 13B, the supporting 
beam 8, and the lower electrode 16 like the angular-velocity sensor 1 shown in drawing 6 , through 
the connection beam 4, the weight oscillating object 5 is coimected inside the right-angled 
quadrilateral-like frame 6, and the flat-surfiice oscillating object 3 is formed in it. 
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[0020] Moreover, the group of mobile electrodes 1 lA and 1 IB and fixed decttodes 13A a^^^^^^ 
is constituted as an excitation electrode which vibrates the flat^si^ace oscillating object 3 in the 
direction of X by electrostatic force, and the group of the perpendicular slip lateral electrode of the 
weight oscillating object 5 and the lower electrode 16 is constituted as a circuinference a^^ 
velodty detection electrode of a Y-axis which detects the vibration amphtude of the Z direction of 
the weight oscillating object 5 corresponding to angular-velocity change of rotation of the 
circumference of a Y-axis. In addition, 20 in drawmg shows the connection electrode to the weight 

roT2n?fs^^^^^ tHng which this example of an operation gestalt differs fiom the 

angular-velocity sensor 1 shown in drawing 6 is formed smaU than the ngidity of the direction of 
X whose rigidity of the shaft orientations Z from which the comiection beam 4 serves as the 
detection osciUating direction of the weight oscillating object 5 is the osciUatog directicm of a fiat- 
surface oscUlating object 3, and a supporting beam 8 is small foimed rather than the ngidity of the 
Z direction from which the rigidity of the direction of X which is the osciUatmg direction of the 
flat-surface oscillating object 3 ^. ^ u 

[0022] Specifically, although the angular-velocity sensor 1 of this example of an operation gestalt 
fomis the vibrator which processed the silicon layer 25 with a thickness of 50 micrometers, and 
was equipped with the flat-suiface oscillating object 3 and the supporting beam 8 on the glass 
•-substrate 23, the connection beam 4 was locally processed into about 5 rmcrometers m-thidmess 
thinly and has accomplished the beam width with 50 micrometers. The rigidity of Z shaft 
orientations is fonned like the above smaUer than the rigidity of X shaft orientations by making the 
detection beam 4 into 5 micrometers in thickness to width efface of 50 micrometers m this way. 
The beam width has accompUshed the aforementioned supporting beam 8 with 5 micrometers, m 
this way, since thickness has accompUshed with 50 micrometers like the above to 5 micrometers, 
the rigidity of the direction of X is smaUer than the rigidity of Z shaft orientations, and the beam 
width is formed. 

[0023] Moreover, m this example of an operation gestalt, unlike the angular-velocity sensor 1 
shown in drawing 6 , the detection beam 4 is foimed only in the right-hand side of drawing two, 
the connection beam 4 is formed in the direction of Y which intersects perpendicularly with the 
direction of X used as the oscillating direction of the flat-surface oscillating object 3, and the 
weight oscillating object 5 is connected to the side on the right-hand side of drawing of the ri^t- 
angled quadrilateral-like frame 6 by the connection beam 4, 

[0024] Furthermore, in this example of an operation gestalt, it is adjusted so that the resonance 
frequency of vibration of the direction of X in the flat-surface osciUating object 3 and the 
resonance frequency of vibration of the Z direction in a weight oscillating object may be mostly m 
agreemrat, and by doing in this way, it is adjusted so that the resonance frequency m drive mode 
and the resonance frequency in detection mode may be mosfly in agreement. 
[0025] SpecificaUy, since vibration of the direction of X of the flat-surface osciUating object 3 is 
performed by being supported by the supporting beam 8, the resonance frequency in drive mode is 
decided by the size of a supporting beam 8. Moreover, if the weight osciUating object 5 vibrates to 
Z shaft orientations by the Coriolis force of Z shaft orientations produced in rotation of the 
circumference of the Y-axis by excitation of the direction of X of the flat-surface osciUating object 
3. siace this vibration wiU be performed by being supported by the connection beam 4, the 
resonance frequency in detection mode is decided by the size of the connection beam 4. Therefore, 
these sizes are designed in a suitable size and the resonance frequency in drive mode and detection 
mode is made in agreement in this example of an operation gestalt. For example, when the 
resonance frequency in detection mode is higher than the resonance frequency in drive mode, by 
trimming the connection beam 4 by focused-ion-beam processing etc., resonance frequency in 
detection mode is made low and it is made in agreement with the resonance frequency in drive 
mode, . .. 

[0026] This example of an operation gestalt is constituted as mentioned above, next explams the 
production process of the angular-velocity sensor 1 of this example of an operation gestalt based 
on drawing 2 and 3. First, as shown in (a) of drawing 2 , tiie hoUow used as a cavity 24 is formed 
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in the front-face side of a glass substrate 23, and as shown in (b) of this drawing, the lower 
electrode 16 is formed in a cavity 24. On the other hand, as shown in (a^ of this drawing, it 
embeds at the with a thickness of 50 micrometers upper part side of a barrier layer Si 33, and 
Si0232 is carried out, and as the SOI (Silicon On Insulator) substrate which formed supporters Si 
31 in the upper part side, and formed SiO230 in the upper part side further is prepared and it is 
shown in (bO of this drawing, SiO230 of a front face is **********ed further. And as shown in (c) 
of this drawing, anode plate junction of the SOI substrate after Si02 etching is earned out at the 
upper part side of a glass substrate 23. In addition, 34 in drawing shows a junction interface. 
[0027] Next, as shown in (d) of this drawing, the supporters Si 31 of a SOI substrate are removed 
by etching by alkaline-water solutions, such as dry etching or KOH, and as shown in (e) of this 
drawmg, the embedding Si0232 which is an insulator layer is removed further. 
[0028] Next, as shown in (a) of drawing 3 , patterning of the resist 35 is applied and carried out to 
the fiont-face side of a barrier layer Si. In addition, this patteming is patterning for forming the 
comiection beam 4. N»ct, as shown in (b) of this drawing, the barrier layer Si 33 of the portion 
used as the connection beam 4 is **********ed to 5 micrometers in thickness by using a resist 35 
as a mask, and a resist 35 is removed. Next, vibrator is produced by carrying out perpendicular 
processing until it carries out diy etching of the barrier layer Si by using a resist 35 as a mask and 
^ reaches a glass substrate 23, as are shown in (c) of this drawing, and it carries out patteming, using 
a resist 35 as a mask and it is shown in (d) of thirdrawing. • 

[0029] It separates into a chip by the dicer etc., and the packaging of the vibrator on the glass 
substrate 23 produced at such a process is carried out together with detection / drive circuit etc., 
and let it be the angular-velocity sensor 1. In addition, in order that the angular-velocity sensor 1 of 
this example of an operation gestalt may avoid the influence of damping of air, by carrying out a 
vacuum package and adjusting the pressure inside a package etc., it adjusts Q (Quality Factor) 
value in detection mode to the optimal value, and produces the angular-velocity sensor which was 
able to balance sensitivity and stability. 

[0030] Although the angular-velocity sensor 1 of this example of an operation gestalt is produced 
as mentioned above and the flat-surface oscillating object 3 is excited in the direction of X wifliin 
the same flat siuface as the flat-surface oscillating object 3 in this angular-velocity sensor 1 by the 
electrostatic force between mobile electrodes 1 lA and IIB, fixed electrode 13 A, and 13B The 
weight oscillating object 5 seems not to blur in the direction of X \o a frame 6 by this excitation, 
even if it excites the flat-surface oscillating object 3 in the direction of X, since the rigidity of Z 
shaft orientations is formed smaller than the rigidity of the direction of X and the connection beam 
which supports the weight oscillating object 5 cannot vibrate easily in the direction of X. 
( [003 1] And if the flat-surface oscillating object 3 excites in the direction of X and rotates a Y-axis 
as a center, although the Coriolis force of a Z direction will arise In this example of an operation 
gestalt, the rigidity of a Z direction is larger than the rigidity of the direction of X, and the 
supporting beam 8 which supports the flat-surface oscillating object 3 is formed. To the Z 
direction, have accomplished with the composition of being hard to vibrate that it is easy to vibrate 
in the direction of X, and, on the oflier hand, the connection beam 4 which supjports the weight 
oscillating object 5 Since it is easy to vibrate to a Z direction and is constituted that the rigidity of 
a Z direction is smaller than the rigidity of the direction of X like the above, and it is formed, and 
is hard to vibrate in the direction of X, by the Coriolis force of a Z direction, only the weight [ of 
the flat-surface oscillating object 3 ] oscillating object 5 is large, and it vibrates to a Z direction, 
and a frame 6 hardly vibrates to a Z direction. And based on change of the electrostatic capacity 
between the base electrode of the weight oscillating object 5, and the lower electrode 16, the size 
of the angular rate of rotation of the circumference of a Y-axis etc. is detected. 
[0032] Moreover, since only the weight oscillating object 5 vibrates and mobile electrodes 1 1 A 
and 1 IB do not vibrate to Z shaft orientations united with a frame 6 when the Coriolis force of Z 
shaft orientations is apphed to the flat-surface oscillating object 3, mobile electrodes llA and IIB 
do not shift to fixed electrodes 13A and 13B, and the flat-surface oscillating object 3 performs 
excitation vibration in the size of the always stabilized vibration amplitude. 
[0033] By having formed smaller than the rigidity of the direction of X the rigidity of the Z 
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direciion of the connection beanai 4 which connects this example ****** of an operation gestalt, a 
frame 6, and the weight oscillating object 5, and having fonned smaller than the rigidity of Z shaft 
orientations the rigidity of the direction of X of the supporting beam 8 which supports the flat- 
surface oscillating object 3 When the flat-surface oscillating object 3 vibrates in the direction of X 
and rotates to the circumference of a Y-axis, only the weight oscillating object 5 vibrates to Z shaft 
orientations, and a ftame 6 can be prevented from ahnost vibrating to a Z direction. Therefore, the 
mobile electrodes 1 1 A and 1 IB which are excitation electrodes do not shift to Z shaft orientations 
to fixed electrodes 13A and 13B, and the flat-surface oscillating object 3 can always be stabilized 
in the size of an amplitude for the voltage impressed to mobile electrodes 1 lA and 1 IB or fixed 
electrodes 13A and 13B, can carry out excitation vibration, and can detect the angular rate of 
rotation of the circumference of a Y-axis with a sufficient precision. 
[0034] Moreover, according to this example of an operation gestalt, form the rigidity of the 
connection beam 4, and flie rigidity of a supporting beam 8 like the above, and it considers as the 
composition which cannot vibrate easily in Uie direction of X that the weight oscillating object 5 
tends to vibrate to Z shaft orientations. Since it considered as the composition which cannot 
vibrate easily to Z shaft orientations that a firame 6 tends to vibrate in the direction of X, and the 
resonance firequency in drive mode can be decided with the size of a supporting beam 8 and the 
oscillation firequency in detection mode can be decided with the size of the connection beam 4 It 
becomes possible tamake in agreement easily the resonance firequency of excitation vibration of 
the direction of X of the flat-suxface oscillating object 3 and the resonance frequency of vibration 
of the Z direction of the weight oscillating object 5, and let sensitivity of the angular-velocity 
sensor 1 be a high thing. 

[0035] Furthermore, like the angular-velocity sensor 1 shown in drawing 6 , if fonned in the same 
direction as the direction of X which is the oscillating direction of the flat-sm^ace oscillating 
object 3, the connection beam 4 From the acceleration produced when vibrating the flat-siurface 
oscillating object 3 arising in the connection beam 4 and this direction It v^dll work in the direction 
in which the force produced in the resultant-force direction of this acceleration and gravity makes 
the weight oscillating object 5 go up and down, and change will arise by the change component of 
this vertical direction in the electrostatic-capacity change between the base electrode of the weight 
oscillating object 5, and the lower electrode 16. If it becomes so, although trouble will arise for the 
precision of angular-rate-of-rotation detection of the circumference of a Y-axis etc. By having 
fonned the connection beam 4 in the direction of Y which intersects perpendicularly with the 
direction of X used as the oscillating direction of the flat-surface oscillating object 3 in this 
example of an operation gestalt Since it generates in the direction of torsion of the weight 
oscillating object 5 and the change component of the vertical direction does not produce the 
moment by the acceleration produced by vibration of the flat-surface oscillating object 3 The 
Coriolis force produced in Z shaft orientations cannot be affected, and angular-rate-of-rotation 
detection of the circumference of a Y-axis can be performed with a much more sufficient 
precision. 

[0036] Furthermore, since thickness of vibrator can be thickened ( according to this example of an 
operation gestalt ] in the range which can be etched unlike the case where produce vibrator by ' 
drawine 2 and the method as shovra in 3, for example, cany out dry etching processing of contest 
the polysilicon or single-crystal-silicon layer on a substrate, and vibrator is produced, it can 
become possible to enlarge mass of vibrator and the sensitivity of an angular-velocity sensor can 
be raised ftulher. In addition, since only the thickness of the connection beam 4 is thin among the 
thickness of vibrator, even if the length of the connection beam 4 is short, it becomes possible 
[ making resonance fi-equency of Z shaft orientations low ], can make the resonance fi-equency of Z 
shaft orientations of the weigjit oscillating object 5, and the resonance firequency of the direction of 
X of the flat-surface oscillating object 3 mostly in agreement, can be tised as small vibrator, and 
can miniaturize the angular-velocity sensor 1. 

[0037] The composition of the flat-surface oscillating object 3 in the example of the 2nd operation 
gestalt of the angular-velocity sensor concerning this invention is shown in drawing 4 . In addition, 
the plan is shown in (a) of this drawing, and the A-A* cross section of (a) is shown in (b) of this 
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drawing. M shown in this drawing, the weight oscillating object 5 of the flat-surface oscillating 
object 3 is presenting the square configuration, the connection beam 4 is presenting the L character 
configuration, and the nose-of-cam side of the shorter side 26 of the L character configuration of 
the connection beam 4 is connected to the four-comers section of the weight oscillating object 5, 
respectively. Moreover, the long side 27 of the L character configuration of each connection beam 
4 is made to meet the side of the weight oscillating object 5 through an interval, is ****(ed) 
towards the comer where flie L character nose-of-cam side of the shorter side 26 of a configuration 
is connected, and the **** nose-of-cam side is connected to the firame 6 side. 
[0038] Composition other than the above of this example of an operation gestalt is the same as that 
of flie above-mentioned example of the 1st operation gestalt, this example of an operation gestalt 
can also be produced by the same production method as the above-mentioned example of the 1st 
operation gestalt, and can operate similarly, and can do the same effect so. 
[0039] Moreover, since it is easy to make m agreement the resonance firequency of Z shaft 
orientations of the weight oscillating object 5, and the resonance frequency of the direction of X of 
the flat-surface oscillating object 3 when connecting the weight oscillating object 5 and a frame 6 
using four connection beams 4 and it is connected as mentioned above like this example of an 
operation gestalt, using the connection beam 4 as a L character configuration, sensitivity of the 
angular- velocity sensor 1 can be made high. 

[0040] In addition, this invention is not limited to each above-mentioned example of an operation 
gestalt, and can take the mode of various operations. For example, althougji the fixed-end side of a 
supporting beam 8 smelled and bending formation was carried out in the abbve-mentioned 
example of an operation gestalt at the presser-foot-stitch-tongue configuration, especially the ^ 
configuration of a supporting beam 8 is not limited and is suitably set as the configuration which 
can support the flat-smface oscillating object 3 possible [ vibration ] in the direction of X of X and 
2 Y-dimensional flat surface, 

[0041] Moreover, in each above-mentioned example of an operation gestalt, although mobile 
electrodes 1 1 A and IIB and fixed electrodes 13A and 13B considered as the ctenidium electrode, 
necessarily, even if it uses mobile electrodes llA and IIB and fixed electrodes 13A and 13B as a 
ctenidium electrode, they are not restricted, but an electrode configuration is set up suitably, 
[0042] Furtiiemiore, althougji the weight oscillating object 5 not only functions as an oscillating 
object, but it was functioning as a perpendicular slip type electrode in each above-mentioned 
example of an operation gestalt, you may prepare a separate perpendicular slip type electrode in 
the weight oscillating object 5 . 

[0043] Furthermore, although the connection beam 4 was formed in the direction of Y which 
intersects perpendicularly with the direction of X which is the oscillating direction of the flat- 
suifece oscillating object 3 in the above-mentioned example of the 1st operation gestalt, you may 
form the connection beam 4 in the direction of X like the angular-velocity sensor 1 shown in 
drawing 6 . However, since the angular rate of rotation of the circumference of a Y-axis can be 
detected very correctly, without being influenced of the acceleration produced by vibration like the 
above by forming the connection beam 4 in the direction of Y, as for the connection beam 4, 
preparing in the direction of Y is desirable. 

[0044] Furthermore, in each above-mentioned example of an operation gestalt, as shown in (a) of 
drawings , and (b), the electrostatic-force impression electrode 14 for impressing electrostatic 
force to the wei^t oscillating object 5 can be formed m the fixed substrate 23 side through the 
weight oscillating object 5 and an interval if direct current voltage is impressed to the 
electrostatic-force impression electrode 14 - the weight oscillating object 5 ~ electrostatic force 
acting — this ~ a static — it acts on the weight oscillating object 5 as a **** spring That is, wh^ 
the weight oscillating object 5 vibrates to a Z direction, in order that electrostatic force may act in 
the direction which increases an amphtude, it is effective in generating the force of a mechanical 
spring and opposite direction, and the resonance frequency of the weight pscillating object 5 is 
reduced as a result. Therefore, resonance frequency can be finely tuned from the peculiar ' 
resonance frequency of the weight oscillating object 5 to a low frequency side by adjusting the size 
of direct current voltage. If this effect is used and the peculiar resonance frequency of the weight 
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oscillating object 5 wiU be sUghtly designed highly from the high sensitivity resonance frequency, 
it can tune fmely to the high sensitivity resonance frequency by adjustm^^ • 
voltage In addition, the sectional side elevation of the example in which (a) of drawings formed 
the electrostatic-force impression electrode 14 in the above-mentioned example of the 1st 
operation gestalt, and (b) show the sectional side elevation of an example which fonned the ^ 
electrostatic-force impression electrode 14 in the above-mentioned example of the 2nd operation 
gestalt. 

[0045] . ^ ^. ^ ^ ^ . 

[Effect of the Invention] According to this inventioD, the supporting beam which supports the flat- 
surface oscillating object with which the weight oscillating object was connected through the 
connection beam inside the frame is formed smaller than the rigidity of Z shaft onentations.from 
which the rigidity of the direction of X which is the oscillating direction of a flat-surface 
oscillating' object serves as the detection osciUating direction of a weight oscillating object It can 
be made hard to vibrate in the direction of X that a flat-surface oscillating object cannot vibrate 
easily to a Z direction that it is easy to vibrate in the direction of X, and a weight oscillating object 
tends to vibrate to the reverse at a Z direction since flie aforementioned connection beam is smaller 
than the rigidity of the aforementioned X direction and the rigidity of the aforementioned Z shaft 

orientations is formed. . rv r- a 

[0046] Therefore, if it rotates to Y shaft orientations by vibration of the du-ection of X of a flat- 
surface oscillating object and Coriolis force occurs in Z shaft orientations, smce only a weight 
oscillating object will vibrate greatly to Z shaft orientations and the frame of a flat-surface 
oscillating object wiU hardly be changed to Z shaft orientations by Coriolis force. For example, m 
the size of the beam width for the voltage impressed to either of the mobile electrode prepared m 
the frame, and a mobile electrode and the fixed electrode prepared through the interval, it is always 
stabilized, can carry out excitation vibration, and a flat-surface oscillating object The angular rate 
of rotation of the circumference of the Y-axis detected by vibration of a weight osciUating object is 
correctly detectable. 

[0047] Moreover, since according to this invention a frame cannot vibrate easily to the 
aforementioned Z shaft orientations that it is easy to vibrate in the aforementioned X direction and 
a weight oscillating object tends to vibrate to Z shaft orientations by constituting the rigidity of a 
supporting beam and a connection beam like the above that it is hard to vibrate in the 
aforementioned X direction, the resonance frequency of Z shaft orientations of a weight oscillating 
obj ect can be determined with the size of a connection beam, and the resonance frequency of the 
direction of X of a flat-surface oscillatin&object can Therefore, it becomes possible to make in 
agreement easily the resonance frequency of Z shaft orientations of a weight oscillating object and 
the resonance frequency of the direction of X of a flat-surface oscillating object, and it can 
consider as the angular-velocity sensor of high sensitivity easily by carrying out abbreviation 
coincidence of botii the resonance frequency. 

[0048] Moreover, the weight oscillating object is presenting the square configuration and the 
c6nnection beam is presenting the L character configuration. The nose-of-cam side of the shorter 
side of the L character configuration of a coimection beam is connected to the four-comers section 
of a wei^t osciUating object, respectively. According to the angular-velocity sensor of this 
invention by which the long side of the L character configuration of an angle connection beam is 
****(ed) towards the comer of the opposite side of the comer where the side of a weight 
oscUlating object is made to meet through an interval in, and the nose-of-cam side of the shorter 
side of the aforementioned L character configuration is connected, and the **** nose-of-cam side 
is connected to the frame side By constituting the configuration of a connection beam, and the 
connection state of tiie weight oscUlating object of a connection beam, and a frame like the above, 
it can cairy out that it is very easy to make in agreement the resonance frequency of Z shaft 
orientations of a weight oscillating object, and the resonance frequency of the direction of X of a 
flat-surface oscillating object. 

[0049] Furthermore, since a connection beam can prevent the acceleration produced by vibration 
of a flat-surface oscillating object acting in the vertical direction to a weight osciUating object 
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according to this invention prepared in the direction of Y which intersects perpendicularly with the 
direction of X used as the oscillating direction of a flat-surface oscillating object, it can detect 
further the angular rate of rotation of the circumference of a Y-axis to accuracy, without being 
influenced of the aforementioned acceleration. 

[0050] By considering as the composition which prepared the electrostatic-force hnpression 
electrode for impressing electrostatic force to a fixed substrate side through a weight oscillating 
object and an interval at a weight oscillating object further again, impressing direct current voltage 
to an electrostatic-force impression electrode, and unpressing electrostatic force to a weight 
oscillating object, the resonance frequency of the Z direction of a weight oscillating object can be 
adjusted, and angular velocity can be detected now with high density by tuning resonance 
frequency finely. 



[Translation done.] 
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CLAIMS 



[Claim 1] A weight oscillating object is connected through a connection beam inside a frame, and 
a flat-surface oscillating object is formed with the joint object of a frame and a weight oscillatmg 
object As for this flat-surface oscillating object, vibration of the direction of X of X and 2 Y- 
dimensional flat surface is supported by the fixed substrate possible through the supportmg beam. 
A mobile electrode is prepared in the heel of the aforementioned frame, and a fixed electrode is 
prepared in a fixed substrate side through this mobile electrode and an interval Moreover, a fixed 
counterelectrode is prepared in the opposite side which minded this perpendicular slip lateral 
electrode and the interval while the perpendicular slip lateral electrode was prepared m the 
aforementioned weight oscillating object The group of the aforementioned mobile elecdrode and a 
fixed electrode is constituted as an excitation electrode which vibrates a flat-surface oscillating 
object in the direction of X by electrostatic force. The group of the aforementioned peipendicular 
slip lateral electrode and a fixed countraelectrode is constituted as a circumference angular- 
velocity detection electrode of the Y-axis which detects the above X of the weight oscillating 
object corresponding to angular-velocity change of rotation of the circumference of the Y-axis, and 
the vibration amplitude of Z shaft orientations perpendicular to Y flat surface. The aforementioned 
connection beam is formed smaUer than the rigidity of the direction of X whose rigidity of Z shaft 
orientations used as the detection oscillating direction of the aforementioned weigjit oscillating 
object is the oscillating direction of a flat-surface oscillating object. The aforementioned 
supporting beam is an angular-velocity sensor characterized by being formed smaller than the 
rigidity of Z shaft orientations from which the rigidity of the direction of X which is the oscillating 
direction of the aforementioned flat-surface oscillating object serves as the detection oscillating 
direction of the aforementioned weight oscillating obj ect . 

[Claim 2] The weight oscillating object is presenting the square configuration and the connection 
beam is presenting'the L character configuration. The nose-of-cam side of the shorter side of the L 
character configuration of a connection beam is connected to the four-comers section of a weight 
oscillating object, respectively. The long side of the L character configuration of each connection 
beam is an angular-velocity sensor according to claim 1 characterized by ****(ing) towards the 
comer of the opposite side of the comer where the side of a weight oscillating object is made to 
meet through an interval in, and the nose-of-cam side of the shorter side of the aforementioned L 
character configuration is connected, and connecting the **** nose-of-cam side to a frame side, 
[Claim 3] A connection beam is an angular-velocity sensor according to claim 1 characterized by 
being prepared in the direction of Y which intersects perpendicularly with the direction of X used 
as the oscillating direction of a flat-surface oscillating object. 

[Claim 4] The angular-velocity sensor of any one publication of the claim 1 characterized by 
preparing the electrostatic-force impression electrode for impressing electrostatic force to a fixed 
substrate side through a weigJit oscillating object and an interval at a weight oscillating object, or 
the claim 3. 



[Translation done.] 
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